Young recently obtained a sufficient condition and a different necessary condition on a pair of weight functions for which a reverse weak type norm inequality holds for the Hardy-Littlewood maximal function. It is shown here that their necessary condition is also sufficient. The consequences of the sufficiency theorem that they proved are strengthened by use of this result.
which satisfies (1.5) for A = 1 but does not satisfy (1.2) for any finite A.
Condition (1.2) resembles the well-known weight condition for A l9
introduced on page 214 of [4] , and (1.2) looks more "natural" than (1.5). It is, therefore, surprising that (1.5) is in fact a necessary and sufficient condition for the reverse weak type inequality (1.4). The main result of this paper is the following.
THEOREM (1.6) . If U(x) and V(x) are nonnegatiue functions defined on an oriented cube Q o such that for all oriented cubes Q c R r \ then
for all measurable f and λ > 0.
The other results in [1] can be proved with weaker hypotheses by using Theorem (1.6) or Theorem (1.10) in their proofs. These strengthened versions are as follows.
THEOREM (1.13). // U(x) and V(x) are nonnegative functions defined on an oriented cube Q o such that (1.7) holds for all oriented cubes Q c Q o with A > 0,/ is supported on Q o and j Q (Mf
For the next theorem define e t as the vector in R n with / th entry 1 and all other entries 0. Define MJ, the Hardy-Littlewood maximal function in the /th variable by (MJ)(x) = sup^0(l//z)/ 0 /? |/(x + te t )\ dt. The following theorem generalizes a result in [2] .
J -2h \ί\<h with A independent of i, x and h, and Tf
If it is also assumed that lim^,^^ Tf(x) = 0 and j^< r Tf(x)U(x) dx < oo for every finite r, then
2. Proofs. The proof of Theorem (1.6) is based on the following version of the Whitney covering lemma. As usual, E° will denote the interior of the set E, and χ E is the characteristic function of the set E. The proof of property (e) is an adaptation of the proof of property (4) of the decomposition lemma on pages 15-16 of [3] . For this proof, fix an x in UJ^IQJ.
LEMMA (2.1). Given an open set G in
If 2Qj contains x, then dist(x, F) < dist(jc, β y ) + diam(<2 7 ) + dist(β y , F). Since x e 2Q j9 it follows that dist(x, Qj) < (\) diam(β 7 ), and by (2.2) we have dist(β y , F) < 4 diam(β y ). Therefore,
. This, the fact that dist(x, Qj) < (^) diam(β y ) and (2.5) show that Now let t approach oo and use the monotone convergence theorem to complete the proof of Theorem (1.10).
Theorem (1.13) is proved from Theorem (1.6) in the same way that Theorem 2 of [1] is proved from Theorem 1 of [1] . Theorem (1.14) is proved from Theorem (1.10) in the same way that Theorem 3 and Corollary 2 of [1] are proved from Theorem 2 of [1] .
